Stereotaxis refers to a system of navigating to any point within cases were included, which consisted of 82 males and 48 the brain with the aid of imaging techniques that concurrently females. Age ranged from 4 to 75 years (mean age 39.5 display external reference landmarks and neural structures. This years). Twenty per cent (27 patients) were in the pediatric is a routine procedure in many centers to achieve a histological Although the numbers of cases were small there was trend for better yield with frameless image-guided stereotactic biopsy and maximum diagnostic yield was obtained i.e., 87% (13/15) in comparison to conventional frame-based CT-guided stereotactic biopsy and ultrasound-guided biopsy. Conclusions: Overall, a trend of higher diagnostic yield was seen in cases with frameless image-guided stereotactic biopsy. Thus, this small series confirms that frameless neuronavigator-guided stereotactic procedures represent the lesion sufficiently in order to make histopathologic diagnosis. overlying brain, to reach a brain tumor. The earliest stereotactic systems were based on information obtained from ventriculograms and were used mainly for the treatment of Parkinson's disease.
[2]
The next generation of stereotactic systems used computed tomography (CT) or magnetic resonance imaging (MRI) guidance for localization and a small computer for calculations. This was useful for biopsy purposes and for stereotactic craniotomies. image of the brain. The main limitations for the application of stereotactic apparatuses are related to the devices' point-based, single trajectory nature and the cost of using stereotactic frames. Furthermore, their use requires time-consuming calculations, which are cumbersome for the surgeon and inconvenient for the patient.
[4]
Frameless stereotaxis (Image-guided stereotaxis) Brain biopsy procedures in which guidance is provided by a frameless stereotactic surgical navigation system with scalp-
Frame-based CT-guided stereotactic biopsy
Performed with the CT-compatible head frame of the Leksell stereotactic apparatus model-D and Backlund biopsy kit in conjunction with a Picker USA 1991 (PQ-2000) model CT scanner. Following frame fixation in the operation theatre, the patient was shifted to the CT console, where coordinates were calculated. The patient was then shifted back to the operation theatre. A burr hole was made over the appropriate place and biopsy performed. The burr hole site and the trajectory was chosen according to the site of the lesion. applied fiducial markers. Several self-adhesive skin markers are applied to the patient's head to direct the probe into the brain. Frameless Image-guided biopsy This procedure, called "frameless," or computer-assisted imageThe image-guided system i.e. stealth station treatment guidance guided brain needle biopsy, is very comfortable for the patient and platform (Treon, Sofamor-Danek, Medtronic Inc, Memphis, TN, provides the same accuracy as that of the rigid frame. In this, USA) was used to perform the biopsy. A burr hole was made at computers can navigate the operator through 3D coordinates the proposed entry site and biopsy needle was advanced under and thus fulfill the need for enhanced visibility during surgical image guidance into the lesion and multiple biopsies were obtained. procedures. Advantages of image-guided stereotaxis are related to its less invasiveness, better tolerance by the patient and accurate US-guided biopsy US-guided biopsies were performed using a burr hole, over an appropriate area, through a linear scalp incision and were Ultrasound-guided biopsy performed using a real time Panther Ultrasound Scanner 2002 Despite the superior accuracy of stereotactic biopsy, experience (Advanced Diagnostic Imaging, B and K, Medical) with 6.5 MHz demonstrates that ultrasound guidance is feasible and has certain transducer. USG probe was fixed to allow rigid fixation. The biopsy advantages. The ultrasound method for brain biopsy is found to clamp was then attached to the USG probe and the cannula with be simple, quick and cost-effective. A significant advantage of the stylet in place was first passed along the trajectory under ultrasonic ultrasound is that it provides real-time information of a brain visualization. Once the target area was reached, the stylet was lesion; shift in tumor position or postbiopsy complications can be removed from the cannula and the biopsy forceps was passed. visualized promptly in the operating theater. However its Multiple biopsies were obtained with continuous real time anatomical resolution is inferior to CT and is suitable only for monitoring. Once the adequate number of tissue samples was lesions larger than 5 mm in diameter. [6, 7] obtained, the cannula was removed and a continuous monitoring Although numerous studies have been published with regard to of the biopsied area was performed with the sonic probe for at the overall diagnostic accuracy of stereotactic brain biopsies only least 15 min to look for any hematoma formation. Following this, a few have compared the diagnostic efficacy of different types of the wound was closed. A noncontrast CT was performed within biopsy procedures. In this retrospective study we describe our six to eight hours after the procedure to rule out any hematoma experience with 130 brain biopsies and compare the diagnostic formation. yield of different biopsy procedures.
diagnosis.
[5]
Histopathological evaluation

Materials and Methods
Using CT and/or MRI and ultrasonography (USG), 130 cases of intra-axial brain mass lesions underwent brain biopsy procedure. These biopsies were performed over a period of 11 years (January 1995 to December 2005) at our institute. Biopsies included 95 frame-based CT-guided stereotactic, 20 ultrasound guided and 15 frameless image-guided stereotactic brain biopsies. These biopsies were undertaken for deep-seated, multiple lesions and the lesions of eloquent areas. CT-guided and ultrasound (US) guided biopsies were done under local anesthesia while image guided biopsies were performed under general anesthesia. Type of biopsy procedure was not based on the size of the lesion, age of the patient and neurological status of the patient.
Biopsies were fixed in 10% neutral buffered formalin, routinely processed and paraffin embedded. Five micron thick sections were stained by hematoxylin and eosin (H&E) stain. Three histopathologists (DJ, MCS, CS) independently reviewed the H&E slides along with relevant immunohistochemical / special stains and reconfirmed the original histopathological diagnosis. Tumors were diagnosed as per the criteria of WHO classification of CNS tumors (2000).
Immunohistochemistry
Representative blocks of formalin-fixed paraffin-embedded tissue were selected, five micron thick sections cut and immunohistochemical (IHC) staining performed by LSAB technique using monoclonal antibodies to glial fibrillary acidic 25) . All antibodies were obtained from M/s Dakopatts, Denmark. High temperature antigen retrieval using microwave was carried out wherever required.
Special stains
Ziehl Neelsen stain for acid-fast bacilli, periodic acid Schiff (PAS) and silver methenamine stain for fungus were done in all cases with granulomatous inflammation. Of the 18 cases where definite diagnosis was not made, 10 biopsies included only normal brain tissue and in four biopsies there was no evidence of tumor and out of these one showed reactive gliosis. One biopsy was inadequate for opinion as size was very small (less than 0.1 cm) [ Table 3 ].
Frameless Image-guided biopsy
Fifteen patients underwent image-guided brain biopsy. The tumor location among these 15 patients was hemispheric in eight and thalamic in seven. The biopsy specimens showed conclusive necrotic material and in one other patient it was inconclusive due to small size of the biopsy [Tables 2 and 3] .
Ultrasound-guided biopsy
US-guided biopsies were done in 20 cases. Of these, 16 had conclusive diagnosis (80%) for tumor pathology. Among the four nondiagnostic biopsies, two biopsies were too tiny for any diagnosis, one included normal brain and one other biopsy included fibrocollagenous tissue only. Ten thalamic, eight hemispheric and one case each of posterior fossa and suprasellar region were targeted for US-guided biopsy. There were 14 astrocytomas and one case each of NHL B cell type and mucormycosis [Tables 2 and 3 to evaluate diagnostic yield of conventional CT-guided stereotactic, modern real-time frameless image guided stereotactic, and ultrasound-guided biopsy procedures. Diagnostic accuracy of only paraffin-embedded section is analyzed but cytological or frozen section diagnoses were not compared in the present study. Technically, CT allows early recognition and accurate definition of cerebral lesions whereas open intraoperative near real time imaging transforms a blind conventional stereotactic procedure into a visually controlled one. [8] Stereotactic biopsy for intracranial lesions is a reliable and obscure nearby or underlying tumor, and lead to a mistaken alternate diagnosis. The entire procedure is time-consuming and costly. In addition, stereotactic frames are uncomfortable for patients and may impede intraoperative neurological evaluation.
[23]
Targeting for functional stereotactic procedures is traditionally carried out in a noninteractive fashion without real-time positional feedback.
[24] As the availability of image-guided surgical navigation systems has increased, the application of frame-based stereotactic biopsy has declined. Intraoperative imaging allows relatively safe procedure and is also a very efficacious method excellent target localization and many advantages over the especially in patients who need histological confirmation for the conventional frame-based stereotactic biopsy procedure. Immediate treatment. The overall diagnostic accuracy varies from 80 to postoperative imaging in the operating room allows assessment of Because of the small sample size of specimens, adverse events and the potential for immediate management of communication with the neurosurgeon as well as correlation with hemorrhagic complications. [25] clinical and radiographic information is necessary to increase the Image-guided stereotactic brain biopsy is considered an accurate diagnostic yield. However, in order to derive maximum benefit and safe procedure.
[26] A meta analysis of 7471 reported cases from the tissue obtained by stereotactic biopsy, diagnosis needs to demonstrated that a positive histological diagnosis can be obtained be rapid and accurate. Processing of frozen sections and cytology by performing stereotactic biopsy in 91% of all cases, with a major smears is rapid and generally preferred over permanent sections, morbidity rate of 3.5% and an operative mortality rate of only which are more time-consuming. These intraoperative diagnostic 0.7%.
[27] Dorward et al [4] compared frameless and frame-based techniques ultimately help not only in confirming if the target biopsy techniques and found superior imaging, target visualization lesion has been reached, but also help in making a sufficiently and flexibility of the frameless stereotactic biopsy when compared reliable diagnosis. [10, 11] with the current gold-standard frame-based biopsy. Recently, Cytological evaluations are generally in the form of smears and Spivak and Pirouzmand also proved that image-guided squash preparations. The overall diagnostic yield of cytology varies stereotactic neuronavigational systems are more accurate.
[28]
between 73 and 94%. [12] [13] [14] Firlik et al studied 595 cases and Results of the present study are comparable as diagnostic yield observed correlation of cytology with final diagnosis in 90% cases was maximum in image-guided procedure, which may reflect the (52% complete and 38% partial correlation) [15] but Collaco et al ability to perform interactive, intraoperative scanning with this reported slightly lower (73%) correlation of solid lesions. [16] In technique. On the other hand, Smith et al found that frameless the presence of typical morphologic features cytological analysis image-guided and frame-based stereotactic approaches are equally of tumors can be rapid and reliable, while it often lacks in effective in terms of tissue diagnosis. [29] They found that image identifying the grade of neoplasms.
guided surgical navigation system is less cost-effective and requires Frozen section evaluation is generally preferred over cytology long hospital stay. for intraoperative evaluation of larger biopsy samples. Grunert et Therefore, to overcome the disadvantages related to stereotactic al [17] reported a diagnostic yield of 98%, in intraoperative frozen procedure, in terms of cost of the stereotactic equipment and time section and conventional paraffin-embedd sections. However, length of procedure, the search for an alternative technique has 99%. [9] routine processing of small biopsies helps in the preservation of morphology and permits better assessment.
Several studies have examined the diagnostic accuracy of the stereotactic biopsy procedures by comparing the biopsy diagnosis with the diagnosis of subsequent specimen obtained by craniotomy. Good correlation has been obtained in most of the studies, however, some studies have reported lower accuracy rates.
[18] Bernays et al [19] offered a specific histological diagnosis in 111 of 114 tissues (97.4%), which is in contrast with a 79% accuracy reported by McGirt et al, [20] evaluating 23 patients who underwent an open surgery within 60 days of stereotactic biopsy. However, in a recent study by Aker et al [21] the overall diagnostic yield of 94% reduced to 83%, when correlated with the diagnoses of the resected specimens. The reasons for low accuracy rates may be related either to surgical procedure itself or due to certain inherent characteristics of small brain tumor biopsy specimens.
[22] For instance, presence of nonneoplastic reactive tissue elements may focused on ultrasound-guided brain biopsy. In comparison to these methods, this procedure is quick, less expensive and requires less scanning. [30] The development of the B-mode real time ultrasound technique has furnished a simpler method of visualizing intracranial lesions. These technological advances are largely due to the efforts of Berger and Tsutsumi, [6, 31] who created surgical sets for ultrasound-guided biopsy. The Berger neuro biopsy device is considerably cheaper than all stereotactic frames and saves anesthetic and CT time. However, the ultrasound-guided biopsy is currently indicated for supratentorial lesions exceeding 5 mm in diameter which do not require a milimetric spatial discrimination.
[6] Fujita et al compared various image-guided brain biopsy procedures and concluded that the US-guided procedure is suitable for the investigation of hyperdense lesions, but it is difficult to localize nonechogenic lesions. However, the combination of ultrasound and neuronavigator methods improved the diagnostic accuracy even in nonechogenic lesions.
[32] Lorenzo et al [33] compared the diagnostic accuracy of CT and US-guided stereotactic brain biopsies and concluded that these two procedures are complementary. Although diagnostic yield was more in the CT-guided stereotactic group than in the US-guided group of patients. Similar results were noted in the present series.
In the present study, maximum diagnostic yield was achieved with frameless image-guided stereotactic biopsy followed by frame based CT-guided stereotaxis and US-guided biopsy. The results indicate that the visually controlled real-time procedure gives rise to accurate target determination and finally to greatest increase in
